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1. INTRODUCTION 

1.1   PROJECT OBJECTIVES 

The overall objective of the project as described in this Report of Findings was to perform an 
Environmental Site Investigation (ESI) at areas of concern at Raco Army Airfield and Bomarc Missile 
Site (Raco AAF) near Raco, Michigan to support the justification for recommended closure of the site. 
The location of Raco AAF is illustrated in Figure 1-1 and the areas of concern within the boundary of the 
site are identified in Figure 1-2 (all figures are provided in Appendix A of this report). Raco AAF 
currently is owned by the U.S. Department of Agriculture (USDA) Forest Service (FS) and operated by 
the Hiawatha National Forest. GEO Consultants, LLC (GEO) prepared this Report of Findings under a 
contract with the U.S. Army Corps of Engineers (USACE), Louisville District (CELRL) Contract No. 
W912QR-04-D-0030, Delivery Order Number 0013. The primary regulatory agency for overseeing this 
ESI is the Michigan Department of Environmental Quality (MDEQ) and governed by the National 
Resources and Protection Act, Part 201 Environmental Regulations.  

This report describes the results of tasks performed by GEO at Raco AAF. The tasks included the 
sampling of groundwater and surface water, a geophysical survey, and a radiological survey. 
Groundwater samples from eighteen monitoring wells (MWs) located in and around the former fuel depot 
area and the missile battery area (Figures 1-3 and 1-4, respectively) were collected during two separate 
field events (June 2007 and August 2007). Samples collected during the June 2007 event were submitted 
to an analytical laboratory for volatile organic compounds (VOCs) and perchlorate analysis; August 2007 
samples were analyzed for VOCs only. The surface water sampling location is located adjacent to the 
Northeast-Southwest runway and was identified as an area of concern by Hiawatha National Forest 
personnel (Figure 1-5). After a review of historical facility drawings, the area appeared to be a subsidence 
associated with a former water treatment facility (Figure 1-6). Photographs of the area are provided in 
Figure 1-7. Surface water samples were collected during the June 2007 event and analyzed for VOCs, 
semi-volatile organic compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), and metals. 
Samples were submitted to TestAmerica Laboratories Inc. (TA) in St. Louis, MO and TA-Denver 
(perchlorate) for analysis. TA is a USACE approved laboratory. Analytical summary reports and 
Electronic Data Deliverables (EDDs) can be found on the CD in Appendix B. A geophysical survey was 
performed in an area of a suspected former dump area (shown on Figures  1-2 and 6-1) and a radiological 
survey was performed in the area of confluence of former catch basins (Figure 1-2 and 7-1).  

1.2 ORGANIZATION OF REPORT OF FINDINGS  

This Report of Findings is organized as follows:    

• Section 1 presents that overall project objectives 

• Section 2 describes the site physical characteristics as well as results of previous site 
investigations 

• Section 3 describes the approach and results of field investigations 

• Section 4 contains a summary of the groundwater investigation 

• Section 5 contains a summary of the surface water investigation 

• Section 6 contains a summary of the geophysical investigation 

• Section 7 contains a summary of the radiological investigation 

• Section 8 contains a Quality Assurance Summary Report 



 2 

• Section 9 presents a list of references that were used to prepare this Report of Findings  

Other documents associated with this project include: 

• Quality Control Plan, Raco Army Airfield and Bomarc Missile Site, Environmental Site 
Investigation (Phase III), Hiawatha National Forest, Raco, Michigan (GEO 2007a)  

• Sampling and Analysis Plan, Raco Army Airfield and Bomarc Missile Site, Environmental 
Site Investigation (Phase III), Hiawatha National Forest, Raco, Michigan (GEO 2007b) 

• Site-Specific Safety and Health Plan, Raco Army Airfield and Bomarc Missile Site, 
Environmental Site Investigation (Phase III), Hiawatha National Forest, Raco, Michigan 
(GEO 2007c) 
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2.  SITE BACKGROUND 

2.1 SITE HISTORY 

Raco AAF covers approximately one square mile and is located 18 air miles southwest of Sault Ste. 
Marie, Michigan in the Hiawatha National Forest (Figure 1-1). The U.S. Department of Defense (DoD) 
used the former Raco site as an airfield for 21 years and as a missile base for about 13 years. The original 
site layout consisted of a triangular-shaped airfield with 5000 foot runways and 28 missile silos with 
associated support facilities. The Raco site has been intermittently controlled and used by the DoD and its 
predecessor agencies since 1895. In 1925, the site was placed under USDA FS management, but was 
subject to certain reuse rights for defense purposes. The Secretary of Agriculture transferred 240 acres for 
airfield use by permit dated August 27, 1942. Based on U.S. Geological Survey topographic maps, the 
airfield covers approximately 640 acres and was constructed between 1942 and 1943. Around 1960, the 
missile base was constructed on 153.54 acres of land southeast of the airfield. On January 19, 1964, the 
Air Force released the airfield property to the FS, but retained the acreage covering the missile area. On 
June 30, 1973, the missile area was released to the FS. 

Since 1973, the FS has entered into several permit agreements with outside interests which are 
summarized below [from Raco, A Case Study by Carl L. Woodruff, Project Manager, USACE Detroit 
District and Ronald Pearce, Sault Ste. Marie Area Office, USACE Detroit District, undated but post 1989 
(Case Study)]. An electronic copy of this document is provided in Appendix D. 

• 1973 – a sawmill operation by a local Indian Tribe resulting in accumulation of a large pile 
(approximately 5000 cubic yards) of sawdust, wood waste, and other debris 

• 1978 – the sale and removal of seven of the base buildings, the water tower, and 28 missile 
silo shelters 

• 1981 and 1984 – the dumping of broken concrete and waste construction materials into the 
silos. This debris apparently resulted from road repair operations on Route M-28 

• Present – the airfield runways and other portions of the site are currently used during the 
winter months for automobile tire testing 

A description of topography, geology and hydrogeology at Raco AAF follows in Section 2.2; 
previous investigations are summarized in Section 2.3.   

2.2 SITE PHYSICAL CHARACTERISTICS 

2.2.1 Site Topography 

The topography at the site is relatively flat with elevations ranging from 900 to 920 feet above mean 
seal level (Figure 2-1).   

2.2.2 Site Geology 

The geology at the site consists of a series of thick, unconsolidated, glacial deposits of the 
Quaternary Period. The deposits are composed of sand with traces of gravel and silt. Soil borings 
completed during a Remedial Investigation performed by International Technology Corporation (IT 
Corp.) in 1990 and 1991 showed the glacial deposits to be lithologically homogeneous, comprised of fine 
grained sands, little fines and occasional gravel intermixed with no significant color changes. Depth to 
bedrock underlying the site has not been established. A 260 foot deep well installed approximately 2.5 
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miles south of the site in 1994 did not encounter bedrock [Earth Tech, Inc., (Earth Tech) Site 
Investigation and Associated Activities, Draft Report, 2005 (Earth Tech 2005)]. 

2.2.3 Site Hydrogeology 

Information reported by Earth Tech (2005) provides a useful summary of site hydrogeology 
conditions at Raco AAF.  In general it was noted that the groundwater flow direction trends to the east-
southeast, although flow is generally more easterly in the southern portion of the missile battery area. The 
horizontal hydraulic gradient across the site is approximately 0.002 ft/ft. Slug tests were performed in 
1991 by IT Corp. to determine hydraulic conductivity. The data collected using the rising head slug test in 
MW-05 through MW-15 (excluding MW-08), produced results ranging from 0.0242 cm/sec to 0.23 
cm/sec. A literature search conducted in 2002 determined that the hydraulic conductivity of similar 
sediments in the area was 0.002 cm/sec (from Earth Tech 2005). 

2.3   SUMMARY OF PREVIOUS INVESTIGATIONS AT RACO AAF 

Following is a summary of previous investigations and studies completed at Raco AAF.  All 
historical documentation included electronically in Appendix D of this report, with the exception of Earth 
Tech 2005, was provided by MDEQ. All Earth Tech documents were provided by CELRL. 

Envirodyne Engineers, Inc. (EEI) conducted a Contamination Evaluation Study between December 
1986 and April 1987 for USACE St. Louis District and USACE Huntsville Division. This study included 
a review of records, site inspection, the installation of four wells (RG-01, RG-02, RG-03, and RG-04), 
collection of groundwater samples from the four wells, collection of surface water samples from six 
missile silos, and the collection of near-surface soil samples from nine locations. All collected samples 
were analyzed for petroleum hydrocarbons, total metals (including barium, cadmium, chromium, lead, 
arsenic, silver, selenium, and mercury), PCBs, and purgeable halocarbons and aromatics; water samples 
were also analyzed for dissolved metals (EEI 1987). Drawings depicting all sampling locations, 
underground storage tank (UST) locations, silo designations, and the missile area transformer pad can be 
found on Figures 3-1 and 3-2 of EEI 1987. A summary of the findings is presented below. An electronic 
copy of EEI 1987 is provided in Appendix D.  

• All metals concentrations in groundwater samples were found to be below State of Michigan 
groundwater protection criteria. 

• Petroleum hydrocarbons were detected in the sample collected at monitoring well RG-03 at 
1.8 mg/L; possible due to the position downgradient of the wastewater treatment plant site 
and USTs. 

• Three volatile organic compounds were also detected in the RG-03 sample: trichloroethene 
(TCE) at 3.0 µg/L, 2-pentene-3,4,5-trimethyl at 3.4  µg/L, and 1-pentene-2,4,4-trimethyl at 
20.8 µg/L. 

• Toluene was detected in the groundwater sample collected at RG-04 at 1.9 µg/L, slightly 
higher than the lower detection limit, but could have been due to the deuterated toluene used 
in the surrogate spike (Method 8240). 

• Low levels of barium and lead were detected in most of the silos. Chromium was detected 
just above the detection limit in one silo (location not provided). The concentrations of the 
metals found in the silo water samples were below all applicable drinking water standards. 

• Petroleum hydrocarbons were detected in all silos tested at a concentration of 5 mg/L or less 
in all silos tested with the exception of silo RB-4, which had a concentration of 1810 mg/L. 
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Silo RB-4 also exhibited signs of organic chemical contamination with benzene and toluene 
concentrations of 6.0 and 1.2 µg/L, respectively. 

• Arsenic, barium, and chromium were detected at low levels and lead was found at 12.4 ng/g 
(nanogram/gram) in the soil sample from the former wastewater treatment lagoon. It was 
determined that the lagoon and adjacent denuded area did not appear to be a source of 
significant metals contamination. 

• Comparatively low levels of petroleum hydrocarbons were detected at eight soil sampling 
locations. A high concentration (8530 µg/L) of petroleum hydrocarbons was found near the 
transformer pad located south of the former Composite Building. It was concluded that there 
was no evidence that this soil contamination had affected groundwater concentrations 
downgradient. 

• PCBs were not detected in samples collected at the transformer pad, or in any other soil or 
water samples. 

• There was no evidence that any USTs were leaking petroleum hydrocarbons into the 
groundwater system. 

• Responsibility for the oil spill at the transformer pad was not known. 

• Responsibility for potential contamination at well RG-03 was believed to be due to DoD’s 
operation of the wastewater treatment plant at the missile site or possible leakage or spillage 
at USTs. 

• Petroleum hydrocarbon and paint contamination in the silos was not believed to be DoD’s as 
it appeared that the sources of these contaminants were placed there after DoD activities 
ceased. 

Anderson Excavating and Wrecking Company was contracted by USACE Detroit District for a 
demolition project in 1987. Field activities were substantially completed by November 1988. Details 
obtained from “Case Study” included: 

• Removal of the remaining buildings consisting of two masonry block and structural steel 
constructions at approximately 26,000 square feet and 6000 square feet of floor area, 
respectively; and two small masonry block buildings of approximately 190 square feet and 
260 square feet of floor area, respectively. 

• Removal of 14 USTs and their contents (eight USTs were associated with the Fuel Depot 
Area and six were associated with the Missile Battery Area). 

• Removal of approximately 600 cubic yards of oil soaked soils. 

• Removal of asbestos containing materials such as floor tiles, pipe insulation, and boiler room 
equipment insulation. 

• Removal of miscellaneous debris. 

• Removal or covering over several exposed building slabs with two feet of earth 

• Filling, leveling, and concrete capping of debris in the silos. The silo areas were covered 
with two feet of earth. 

• Fertilizing, seeding, and mulching disturbed and filled areas with a blend of grasses 
recommended by the FS. 
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The USTs originally held various petroleum products including gasoline, boiler fuel oil, diesel oil, 
and aviation gasoline. At the time of removal the tank contents consisted primarily of fuel oil sludges, 
gasoline, and fuel/water mixtures. 

The USTs were removed during July and August, 1988. On removal it was evident that spillage 
and/or leakage had occurred. Samples taken from the excavations when analyzed showed petroleum 
hydrocarbon levels as high as 2310 mg/kg (worst case) with the remainder ranging from less than 50 
mg/kg to 650 mg/kg. 

IT Corp conducted a Remedial Investigation in 1990 (Stage 1) and 1991 (Stage 2) to determine 
whether past activities at the site had contributed to groundwater and soil contamination and if previous 
investigations adequately addressed this potential contamination. A Draft version of the 1991 Remedial 
Investigation Report (IT Corp. 1991) is provided electronically in Appendix D. Figures showing the 
locations of the USTs, transformer pad, sludge drying bed, and wastewater treatment lagoon associated 
with the Missile Battery Area are provided in EEI 1987. A figure showing the locations of the USTs 
associated with the Fuel Depot Area are provided in IT Corp. 1991. 

The Stage 1 investigation focused on seven sites: (1) USTs C1/C2, (2) UST C4, (3) UST B1, (4) 
transformer pad, (5) background boring, (6) sludge drying bed, (7) wastewater treatment lagoon. The 
scope of work included: 

• the installation of eight MWs (MW-05 through MW-12)  

• groundwater sampling at 12 MWs (RG-01 through MW-12) 

• slug testing of MW-05 through MW-12 

• advancement, sampling, and analysis (51 samples) of eight soil borings (USTs C1, C2, C4, 
and B1, transformer pad, sludge drying bed, wastewater treatment lagoon, background 
location) 

• collection of 16 geotechnical samples 

• a geophysical survey of a potential landfill area 

The Stage 2 investigation focused on five sites: (1) transformer pad, (2) background boring, (3) 
sludge drying bed, (4) wastewater treatment lagoon, and (5) fuel depot area. The scope of work included: 

• the installation of three MWs (MW-13 through MW-15) 

• groundwater sampling at six MWs (RG-01, RG-03, MW-08, MW-13, MW-14, MW-15) 

• slug testing of MW-13, MW-14, and MW-15 

• advancement, sampling, and analysis (44 samples) of seven soil borings (transformer pad, 
background boring, downgradient of sludge drying bed, wastewater treatment lagoon, fuel 
depot area) 

• collection of 19 geotechnical samples. 

Out of the total nine areas or sites of investigations, only three, UST C1/C2, the sludge drying bed, 
and the wastewater treatment lagoon were carried into a Baseline Risk Assessment and were deemed to 
have potential future concerns.  

• At depth, soils of the sludge drying bed contained levels of chromium and lead that were 
above established state and site background levels. In the monitoring well (MW-14) located 
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downgradient of the site, lead was again detected at concentrations (9.5 µg/L in primary 
sample and 11 µg/L in duplicate) above the type B cleanup criteria established by the State. 

• At depth, soils of the wastewater treatment lagoon contained levels of chromium that were 
above established state and site background levels. Pentachlorophenol (PCP) was also 
detected in the soil boring. At the time of this investigation, there was no established cleanup 
level for PCP by the State of Michigan. PCP was not detected in groundwater. 

• Soil at UST C1/C2 also contained levels of PCP. PCP was not detected in groundwater. 

• All other compounds detected at other sites in groundwater and soil were eliminated as 
potential contaminants of concern using Michigan Act 307’s type A, B, and C criteria. 

BCM Engineers, Planners, Scientists and Laboratory Services (BCM) conducted a soil probe 
investigation of the site focusing on the areas around the former UST locations in 1996. This investigation 
included 113 soil borings and 200 soil samples taken from in and around the former UST locations. 
Available portions of this report, including boring logs are provided electronically in Appendix D. Former 
UST locations are provided in EEI 1987 (electronically in Appendix D of this report). 

Sverdrup Environmental, Inc conducted a supplemental remedial investigation at the site in 1996 
and 1997. This investigation included installation of soil borings and sampling of existing monitoring 
wells. Elevated concentrations of lead were found during the 1996 groundwater sampling of the 
monitoring wells. As a result, the monitoring wells were redeveloped and sampled in 1997. Elevated lead 
was not detected in the 1997 round of sampling. The 1996 report was edited to include the 1997 data. The 
above information is adapted from Earth Tech 2005. 

Barr Engineering completed a review of all information pertaining to the site in 2002. The review 
was done on behalf of the USDA FS to address complaints that had been made by local organizations 
(identification of specific organizations not provided) which believed that during demolition certain 
materials were buried or spilled. It is unclear from the information provided in Earth Tech 2005 if the 
referenced demolition was that performed by Anderson Excavating and Wrecking Company. The 
investigation revealed that documentation exists showing that the materials which were of concern 
(hydrocarbon waste, asbestos, and PCBs) were in fact properly dealt with on site or removed and 
disposed. The report further recommends investigating the claims of improper disposal would help to 
refute or verify any concerns of possible debris being buried in those specific areas. The Barr Engineering 
report addressed the sufficiency of the previous investigations and suggested that the subsurface 
contamination had been properly delineated, both vertically and laterally. It also indicated that there were 
data gaps in the groundwater data. The above information is adapted from Earth Tech 2005. 

Earth Tech conducted a Site Investigation at the site in phases from September 2003 to November 
2004. The 2003 investigation was designed to address the aforementioned citizen concerns regarding 
improper disposal practices that may have occurred at the site, and to evaluate the site for potential 
closure. The 2004 investigation was designed to evaluate the extent of TCE contamination in the Missile 
Battery Area. This investigation included the installation of soil borings, redevelopment of existing wells, 
a geophysics survey of the former borrow pit area, the installation and development of new wells, and 
groundwater sampling. The following information and data was compiled from Earth Tech 2005. 

2003 Activities 

• An electromagnetic survey was conducted and two soil borings were drilled in the borrow 
pit areas and three soil borings were drilled in the Missile Battery Area to address the prior 
concerns regarding improper dumping during the demolition project. All borings were 
advanced to a depth of 50 feet below ground surface (bgs) or groundwater, whichever was 
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encountered first. Soil samples were collected in two-foot intervals on 10-foot centers. 
Results of the investigation did not indicate the presence of contamination. 

• Three additional monitoring wells [MW-16 (Fuel Depot Area), MW-17 (associated with 
location of former UST B1), MW-18 (associated with location of former USTs C2 and C3)] 
were installed and sampled to address data gaps. No chemicals were detected above the 
MDEQ Part 201 screening levels. However, TCE was detected in MW-18 at 1.6 µg/L. 

• All existing MWs were redeveloped and re-sampled due to previous sampling events 
indicating a potential lead problem believed to be a result of the conditions of the wells.  

• All analytical results for lead were below MDEQ Part 201 criteria. Carbon disulfide was 
detected in five of the wells in concentrations ranging from 2.7 µg/L in RG-04 to 18 µg/L in 
MW-08. TCE was detected in MW-18 at 1.6 µg/L and MW-08 at 14 µg/L. The detection of 
TCE in MW-08 was above the MDEQ Part 201 Residential and Commercial I Drinking 
Water Criteria (RCDWC) of 5 µg/L. No SVOCs were detected in any samples collected. 
Metals that were observed in the non-filtered samples included: aluminum, barium, calcium, 
chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, selenium, 
sodium, thallium, vanadium, and zinc. Of those analytes, only aluminum (non-filtered) 
detected in MW-08 at 454 µg/L (50 µg/L) and iron (non-filtered) detected in MW-05 at 1440 
µg/L (300 µg/L) exceeded MDEQ Part 201 RCDWC. 

 2004 Activities 

• Groundwater samples were collected from the same wells sampled during the October 2003 
event. TCE was detected in MW-18 and MW-08 at 0.56 µg/L and 19 µg/L, respectively, and 
chloromethane was detected in RG-02. The detection of TCE in MW-08 was above the 
MDEQ Part 201 RCDWC of 5 µg/L. No SVOCs were detected in any samples collected. 
Metals that were observed in the analytical results included: aluminum, antimony, arsenic, 
barium, beryllium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, 
nickel, potassium, sodium, thallium, zinc, and mercury. Of those, only aluminum (non-
filtered) detected in MW-09 at 62.9 µg/L exceeded MDEQ Part 201 RCDWC level of 50 
µg/L. 

• Five soil borings were advanced to a depth of 80 feet bgs in the Missile Battery Area, 
specifically the former Composite Building, sludge drying bed, and wastewater treatment 
plant lagoon, to investigate those areas deemed most likely to be a source of TCE 
contamination detected in the groundwater and to determine the optimum placement for 
additional wells. Soil samples were collected at 10, 20, and 40 feet bgs; groundwater 
samples were collected at 70 and 80 feet bgs. The soil samples indicated no evidence of a 
source area for the TCE. The groundwater data, however, indicated low concentrations of 
TCE in four of the borings. 

• Based on the results of the soil boring investigations, four new wells (MW-19, MW-20, 
MW-21, and MW-22) were installed to depths of approximately 90 feet bgs. 

• MW-07, MW-08, MW-14, and MW-18 were sampled for VOCs. MW-19, MW-20, MW-21, 
and MW-22 were sampled for VOCs, SVOCs, and metals. TCE was detected in MW-08 (19 
µg/L), MW-18 (0.8 µg/L), MW-19 (4.4 µg/L), and MW-20 (0.52 µg/L). 1,1,1-
trichloroethane was detected in MW-19 (0.46 µg/L), MW-20 (0.74 µg/L), and MW-22 (0.32 
µg/L). Chloromethane was detected in MW-21 at 0.96 µg/L. Tetrachloroethylene was 
detected in MW-19 (0.44 µg/L), MW-20 (0.54 µg/L), and MW-22 (0.69 µg/L). Toluene was 
detected in MW-19 (0.79 µg/L), MW-20 (0.4 µg/L), and MW-21 (0.44 µg/L). Of these only 
TCE detected in MW-08 exceeded the MDEQ Part 201 RCDWC level of 5 µg/L. No 
SVOCs were detected in any samples collected. Metals that were observed included arsenic, 
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barium, cadmium, chromium, lead, and selenium. Of those, only lead detected in the non-
filtered samples from MW-20 (9 µg/L), MW-21 (8.8 µg/L), and MW-22 (94.8 µg/L) 
exceeded the MDEQ Part 201 RCDWC level of 4 µg/L; all filtered samples were below 
MDEQ Part 201 criteria. Lead concentrations in the redeveloped wells were below MDEQ 
Part 201 criteria. 

TCE had been detected in MW-08 six times during the nine sampling events for which historical 
data are available: September 1990 (3 µg/L), July 1991 (3 µg/L), 2002 (11 µg/L), October 2003 (14 
µg/L), May 2004 (19 µg/L) and November 2004 (19 µg/L) (Earth Tech 2005).  
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3. FIELD INVESTIGATION 

This section describes the field procedures used during the Raco AAF ESI. Field activities included 
in the ESI are summarized in Section 3.1. Sections 3.2 through 3.9 contain procedures for the field 
activities. Specifically, these are:   

• groundwater sampling at monitoring wells (Section 3.2) 
• surface water sampling at subsidence area (Section 3.3) 
• water level measurements in groundwater monitoring wells (Section 3.4) 
• geophysical survey (Section 3.5) 
• radiological survey (Section 3.6) 
• decontamination of drilling equipment and tools (Section 3.7) 
• management of Investigation-Derived Waste (IDW) (Section 3.8) 
 

3.1  ESI FIELD ACTIVITIES AT RACO AAF  

A summary of previous field investigations was presented in Section 2.3. The following sections 
detail the approach implemented by GEO for completion of the assigned tasks. 

3.1.1 Groundwater sampling 

Existing wells within the Fuel Depot and Missile Battery areas (see Figures 1-3 and 1-4) were 
sampled for VOCs and perchlorate. The field activities are as follows: 

• Two rounds of groundwater samples (June and August 2007) were collected using low-flow 
sampling techniques in accordance with MDEQ sampling guidelines at 18 existing 
monitoring well locations across the site (see Table 3-1 and Figures 1-3 and 1-4 for 
locations). The intent of groundwater sampling was to verify historical results and obtain 
new data necessary to support a basis for closure of the site for unrestricted use. Samples 
were submitted to a USACE approved laboratory for analysis (Table 3-2). Section 3.2 
describes the groundwater sampling procedure that was used. Samples collected during the 
June 2007 event were analyzed for perchlorate and VOCs. Samples collected during the 
August 2007 event were analyzed only for VOCs. A complete list of constituents included in 
the VOC suite is provided in Table 3-3.   

• VOCs were analyzed by TA-St. Louis using U.S. Environmental Protection Agency 
(USEPA) Method 8260B in accordance with SW-846, Third Edition, Update 1, Revision 1 
(1990) and the Department of Defense Quality Systems Manual (QSM) for Environmental 
Laboratories, Version 3, January 2006.  

• Perchlorate was analyzed by TA-Denver using USEPA Method 6860 following Standard 
Operating Procedures recommended in the DoD Perchlorate Handbook, March 2006.  

• Water levels were measured in all wells designated for sampling during the June 2007 event 
to construct a "snap-shot" of the potentiometric surface (Figure 3-1) prior to installing 
dedicated bladder pumps. See Section 3.4 for water level measurement methods. Due to 
some water levels being below the top of the pumps during the August 2007 event, not all 
wells sampled during that event are included in the potentiometric surface mapping (Figure 
3-2). 

• Field parameters were measured during purging prior to the collection of groundwater 
samples and included pH, dissolved oxygen (DO), specific conductance, turbidity, and 
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oxidation/reduction potential (ORP). Due to the lack of available water and slow recharge 
rates in a number of wells, only one set of field parameters were obtained without 
stabilization prior to sampling. Methods for field measurements and groundwater sampling 
are presented in Section 3.2.   

3.1.2 Surface water sampling 

During an earlier field visit by Hiawatha National Forest personnel, a subsidence area was identified 
adjacent to the Northeast – Southwest runway. Based on a historical drawing titled “Former Air Force & 
Missile Site, Raco, Michigan, Demolition of Structures, Detailed Site Demolition Plan, July 1987”, this 
area appeared to be associated with a former “Waste Water Treatment System” (see Figures 1-5 and 1-6). 
The subsidence was measured as having a depth of approximately 10 feet bgs and contained 
approximately one foot of water (see Figure 1-7 for photographs). Upon a close visual examination of the 
area, the subsidence was determined to be the result of a collapse of overburden material into an existing 
horizontal drainage tile approximately 15 inches in diameter. At the request of the Hiawatha National 
Forest, a grab sample of surface water in the subsidence was collected during the June 2007 sampling 
event and submitted to TA-St. Louis for VOC (Method 8260B), SVOC (Method 8270C), metals 
(Methods 6010B/7470A), pesticides/PCBs (Methods 8081A/9082) analysis. This subsidence area was 
subsequently filled in September 2007 by placing large stone (8 to 12 inch diameter) into the bottom of 
subsidence, followed by smaller gravel, then capping with native soil. 

The scope of the groundwater and surface water sampling at Raco AAF is summarized in Tables 3-1, 
3-2, 3-3, and 3-4. Detailed procedures for field sampling activities are presented in Sections 3.2 and 3.3. 

Table 3-1. Monitoring wells sampled during the 2007 sampling events.  

Monitoring well - location 
MW-11 – Fuel Depot Area MW-08– Missile Battery Area 
MW-16 – Fuel Depot Area MW-14 – Missile Battery Area 

MW-09 – Southeastern runway area MW-15 – Missile Battery Area 
MW-10 – Central runway area MW-17 – Missile Battery Area 
MW-12 – Western runway area MW-18 – Missile Battery Area 
RG-02 – Missile Battery Area MW-19 – Missile Battery Area 
MW-05 – Missile Battery Area MW-20 – Missile Battery Area 
MW-06 – Missile Battery Area MW-21 – Missile Battery Area 
MW-07 – Missile Battery Area MW-22 – Missile Battery Area 
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Table 3-2. Summary of groundwater sample collection and analyses at Raco AAF.   

Groundwater Sampling 
Procedure 

Analytes/Method  Number of Quality Control Field 
Samplesa 

 First Round  
(June 2007) 

Number 
of Field Samples Field Duplicate 

Matrix Spike/Matrix 
Spike Duplicate 

Low-flow/micropurge or 
minimum/no purge sampling 
from monitoring wells VOCs/8260B 18 2 1/1 
 Perchlorate/6860 18 2 1/1 
 Second Round  

(August 2007)    
Low-flow/micropurge or 
minimum/no purge sampling 
from monitoring wells VOCs/8260B 

 
18 

 
2 

 
1/1 

a Equipment blanks and trip blanks not included in this table.  See Section 3.9 for more detail regarding field QC samples, 
including trip and equipment blanks.  
Note: Specific analytes included for analysis with associated reporting limits can be found in Table 3-4. 
Note: The Scope of Work (SOW) indicates that no Quality Assurance samples were needed. 
 

Table 3-3. Summary of surface water sample collection and analyses at Raco AAF.   

Surface Water Sampling 
Procedure 

Analytes/Method  Number of QC Field 
Samples 

 First Round  
(June 2007) 

Number 
of Field Samples Field Duplicate 

Grab sample VOCs/8260B 1 1 
 SVOC/8270C 1 1 
 Metals1/6010B/7470A 1 1 
 Pesticides/PCBs/8081A/8082 1 1 

1 Metals, unfiltered, include: aluminum, antimony, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt, 
copper, iron, lead, magnesium, manganese, nickel, potassium, selenium, silver, sodium, thallium, vanadium, zinc, mercury. 
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Table 3-4. Project specific reporting limits and method detection limits. 

Analyte 

Method 
Reporting 

Limits 
(µg/L) 

Method 
Detection 

Limits 
(µg/L) Analyte 

Method 
Reporting 

Limits 
(µg/L) 

Method 
Detection 

Limits 
(µg/L) 

Perchlorate 0.1 0.0088 Chlorobenzene 1 0.027 
VOCs Chloroethane 2 0.05 

1,1,1-Trichloroethane 1 0.035 Chloroform  1 0.048 
1,1,2,2-Tetrachloroethane 1 0.144 Chloromethane 2 0.048 
1,1,2-Trichloroethane 1 0.092 cis-1,2-dichloroethene 1 0.048 
1,1-Dichloroethane 1 0.046 cis-1,3-dichloropropene 1 0.05 
1,1-Dichloroethene 1 0.045 Dibromochloromethane 1 0.111 
1,2,4-Trichlorobenzene 1 0.091 Dichlorodifluoromethane 2 0.045 
1,2-Dibromo-3-
chloropropane 1 0.554 Ethylbenzene 1 0.064 
1,2-Dichlorobenzene 1 0.064 Isopropylbenzene 1 0.027 
1,2-Dichloroethane 1 0.106 Methylene Chloride 1 0.601 
1,2-Dichloropropane 1 0.077 M-Xylene 2 0.054 
1,3-Dichlorobenzene 1 0.036 O-Xylene 1 0.031 
1,4-Dichlorobenzene 1 0.047 P-Xylene 2 0.054 
2-Butanone 5 1.81 Styrene 1 0.044 
2-Hexanone 5 1.03 Tetrachloroethene 1 0.171 
4-Methyl-2-pentanone 5 0.206 Toluene 1 0.025 
Acetone 2 0.8 trans-1,2-dichloroethene 2 0.016 

Benzene 1 0.064 
trans-1,3-
dichloropropene 1 0.085 

Bromodichloromethane 1 0.064 Trichloroethene 1 0.037 
Bromoform 1 0.118 Trichlorofluoromethane 1 0.032 
Bromomethane 2 0.085 Vinyl Chloride 2 0.044 
Carbon Disulfide 1 0.031 Xylene (total) 3 0.126 
Carbon Tetrachloride 1 0.039    

Note: M-xylene and P-xylene co-elute and therefore cannot be distinguished from each other. These are reported as M- 
xylene & P-xylene with a single value for both isomers. 



 14 

Table 3-4. Project specific reporting limits and method detection limits (continued). 

Analyte 

Method 
Reporting 

Limits 
(µg/L) 

Method 
Detection 

Limits 
(µg/L) Analyte 

Method 
Reporting 

Limits 
(µg/L) 

Method 
Detection 

Limits 
(µg/L) 

SVOCs Metals 
Acenapthene 10 1.0 Aluminum 200 54.33 
Anthracene 10 1.136 Antimony 10 4.664 
Benzo(a)anthracene 10 1.0 Arsenic 10 1.917 
Benzo(a)pyrene 10 1.0 Barium 50 5.0 
Benzo(b)fluoranthracene 10 1.0 Beryllium 5 0.5718 
Benzo(g,h,i)perylene 10 1.0 Cadmium 5 0.1775 
Benzo(k)fluoranthene 10 1.0 Calcium 2500 18.045 
Bis(2-ethylhexyl)pthalate 10 1.0 Chromium 10 2.466 
Butyl benzylpthalate 10 1.0 Cobalt 50 5.0 
Chrysene 10 1.0 Copper 25 1.845 
Di-n-butylpthalate 10 1.0 Iron 100 18.61 
Diethylpthalate 10 1.0 Lead 10 1.923 
Fluoranthene 10 1.0 Magnesium 1000 108.2 
Pentachlorophenol 50 2.0 Manganese 15 2.458 
Phenanthrene 10 1.0 Nickel 40 4.564 
Pyrene 10 1.0 Potassium 5000 1633 

Pesticides/PCBs Selenium 15 3.712 
Chlordane (technical) 0.5 0.0989 Silver 10 1.679 
Endrin 0.05 0.0068 Sodium 1000 78.53 
Gamma-Chlordane 0.05 0.0088 Thallium 20 5.188 
Heptachlor 0.1 0.0336 Vanadium 50 6.062 
Heptachlor epoxide 0.05 0.0062 Zinc 20 3.279 
Methoxychlor 0.1 0.01 Mercury 0.3 0.0927 
Toxaphene 2.0 0.5901    
PCBs 1.0 0.44/0.30    

 

3.1.3 Geophysical survey 

At the request of MDEQ, a geophysical survey was conducted in an attempt to detect and identify 
the footprint of any buried metallic debris in an area presumed to be an old dump site located southeast of 
the base. The dump site potentially was used by the U.S. Air Force when the base was in operation. The 
site in question is approximately 11,000 square feet in area and its location is identified in Figures 1-2 and 
6-1. All methods and procedures were consistent with Engineering Manual (EM) 1110-1-1802, 
Geophysical Exploration for Engineering and Environmental Investigations, August 1995. Procedures for 
the geophysical survey field activities are presented in Section 3.5. 

3.1.4 Radiological survey 

While conducting an earlier field reconnaissance at the Raco AAF, MDEQ identified one area near 
the confluence of the former catch basins (along the north end of the Missile Battery Area) where 



 15 

radioactivity exceeding the natural background level was measured using a Ludlum Model 193-6 survey 
meter. The location of the confluence of the catch basins as well as “test holes” advanced as part of this 
investigation are depicted on Figures 1-2 and 7-1. The typical background reading at the site for the 
Ludlum survey meter was about 6 micro-Roentgens per hour (µR/hr). The MDEQ identified one area 
where the ground had slumped, leading to a hole. The survey meter was placed into the hole, and the 
readings increased to about 25 µR/hr. MDEQ requested that a radiological survey be completed in the 
area of two former catch basins within the Missile Battery Area to resolve this anomalous reading. 

A radiological survey of the former catch basins area was conducted by a health physics technician, 
following the guidance provided in Section 5.2 of Multi Agency Radiological Site and Survey 
Investigation Manual (MARSSIM), NUREG-1575, USEPA Document No. 402-R-97-016, latest edition. 
The results of the survey were compared to expected typical background readings for the site. 
Measurements of radioactivity in excess of what natural background levels were judged as due to the 
sampling geometry. Procedures for the radiological survey field activities are presented in Section 3.6. 

3.2 GROUNDWATER SAMPLING FROM MONITORING WELLS 

Prior to installing pumps and sampling, the static water level and depth to bottom of each well was 
measured and recorded in the field log book. Dedicated polyvinyl chloride bladder pumps with Teflon 
bladders, manufactured by QED, and fitted with 3/8” Teflon-lined polyethylene tubing were installed in 
each well on June 4, 2007. Pump placement was determined after the water level and total well depth 
were determined. In the event that the water level was determined to be below the top of the screen, the 
pumps were placed approximately 0.5 feet above the bottom of the well; all other pumps were placed 
approximately 3 feet above the bottom of the well where a sufficient water column existed. Water levels 
and total depths can be found in Table 3-5. Upon completion of the sampling events, the pumps were left 
in the wells. 

Standard water quality field parameters (i.e., temperature, pH, specific conductance) were monitored 
utilizing a Hydrolab® Quanta water quality meter calibrated to the manufacturer’s guidelines and results 
were recorded during purging at three-minute intervals until stable values were obtained. For wells 
determined to have water levels below the top of the pump and which also demonstrated slow recharge 
times, a minimum/no purge procedure was implemented where only one set of water quality parameters 
were obtained to prevent purging the well dry. Parameters were considered stable when variations in 
temperature, pH, and specific conductance did not exceed ± 0.5°C, ± 0.1 SU, or ± 0.3%, respectively, for 
three consecutive readings. Water quality parameters recorded during both sampling events can be found 
in Appendix C. After parameter stabilization, the natural attenuation field parameters (pH, DO, ORP) as 
well as temperature, specific conductance, and turbidity were recorded. The Hydrolab® was equipped 
with a flow-through cell, and included pH, DO, ORP, temperature, specific conductance, and turbidity 
probes. The specifications on the probes are as follows:  

• pH:  Range:  0 to 14 pH units; Accuracy: ± 0.2 units; Resolution: 0.01 units. 

• DO:  Range: 0 to 50 mg/L; Accuracy: ± 0.2 mg/L for 20mg/L; Resolution:  0.01 mg/L. 

• ORP:  Range:  -999 to 999 mV; Accuracy: ± 20 mV; Resolution: 1 mV. 

• Temperature: Range: -5ºC to 50ºC; Accuracy: ± 0.2ºC; Resolution: 0.01ºC. 

• Specific conductance: Range: 0 to 100 mS/cm; Accuracy: ± 1% of reading ± 1 count; 
Resolution 4 digits. 

• Turbidity: Range: 0 to 1000 Nephelometric Turbidity Units (NTU); Accuracy: ± 5% of 
reading ± 1 NTU; Resolution: 0.1 NTU < 100 NTU/1 NTU ≥ 100 NTU. 
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Table 3-5. Monitoring well depths and water levels. 

      Static Water Level and Elevation (feet) UTM 16N NAD 834 

Well 
Number 

Total 
Depth1,2 

(feet) 

Top of 
Casing 

Elevation3 
(feet) June 2007 August 2007 Easting Northing 

MW-11 45.58 911.94 41.30 870.64 40.67 871.27 666774.825 5135642.695 
MW-16 44.42 907.81 38.80 869.01 38.44 869.37 666745.602 5135478.755 
MW-09 47.33 903.28 43.02 860.26 NA NA 668379.221 5134984.595 
MW-10 44.82 903.98 41.92 862.06 NA NA 668312.333 5135646.943 
MW-12 43.13 906.80 39.36 867.44 38.90 867.90 667368.620 5135668.035 
RG-02 52.70 906.06 49.88 856.18 NA NA 668940.831 5134818.194 
MW-05 63.60 915.47 58.53 856.94 NA NA 668860.922 5135327.742 
MW-06 59.10 909.24 52.59 856.65 52.22 857.02 668847.653 5135121.653 
MW-07 59.01 907.02 50.95 856.07 50.56 856.46 668902.160 5135123.112 
MW-08 75.65 905.75 49.58 856.17 49.92 855.83 669007.348 5135111.988 
MW-14 58.87 909.81 54.54 855.27 54.21 855.60 669020.417 5135187.024 
MW-15 57.23 907.16 50.61 856.55 50.16 857.00 668853.094 5135105.369 
MW-17 56.97 906.05 49.91 856.14 49.60 856.45 668893.817 5135279.938 
MW-18 59.02 908.10 52.46 855.64 51.92 856.18 668951.180 5135072.186 
MW-19 93.93 907.61 52.43 855.18 52.09 855.52 669019.534 5135137.679 
MW-20 89.00 909.81 54.72 855.09 54.38 855.43 669036.061 5135101.965 
MW-21 93.95 905.57 50.46 855.11 50.12 855.45 669000.986 5135181.970 
MW-22 91.63 907.68 52.12 855.56 51.70 855.98 668955.755 5135073.772 

1Total Depth measured on June 4, 2007 
2All depths measured from top of casing 
3Top of Casing Elevation data from Earth Tech 2005 
4Easting and Nothing data obtained during and differentially corrected after the August sampling event 
NA = Water level below top of pump 
 

3.3 SURFACE WATER SAMPLING FROM SUBSIDENCE AREA 

Prior to sampling the water present in the subsidence, the dimensions (total depth and width) and the 
depth to water were measured and recorded in the field logbook. A grab sample was collected with the 
use of a pre-cleaned polyethylene dipper. Specific sample containers were then filled on an individual 
basis. Standard water quality field parameters (i.e.; temperature, pH, specific conductance) were 
measured and recorded in the field logbook. Measurements are available in Appendix C of this report. 

3.4 WATER LEVEL MEASUREMENTS IN GROUNDWATER MONITORING WELLS 

Static water level and depth-to-bottom measurements were measured on July 4, 2007 to the nearest 
0.01 foot in all wells at Raco AAF included in the scope of this investigation. Static water levels were 
also measured on August 7, 2007. Due to static water levels being below the top of the pump for RG-02, 
MW-05, MW-09, and MW-10 during the August event, no data were obtained. Potentiometric surface 
maps are provided as Figures 3-1 and 3-2 in Appendix A. 

3.5 GEOPHYSICAL SURVEY AT THE FORMER DUMP SITE 

A geophysical survey of the location identified by MDEQ as a former dump area was conducted 
using an EM-31 electromagnetic transmitter. The objective of the survey was to map variations in the 
electromagnetic environment of the subsurface in an attempt to determine if metallic debris exists below 
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the ground surface and to identify the footprint of disturbed soils that define the dump area. The area was 
sectioned off by a series of parallel survey lines located ten feet apart. Data was collected along each 
survey line. Instrument readings were obtained to determine the extent of the landfill. Based on results of 
the field survey, it was determined that no buried materials existed. However, due to the sandy nature of 
the soils in the area, no discernible features could be identified detailing the boundaries of the “disturbed” 
area. Drawings showing conductivity and metal detection data are provided as Figures 6-2 and 6-3, 
respectively, in Appendix A. A complete summary of this investigation is presented in Section 6 of this 
report. 

3.6 RADIOLOGICAL SURVEY AT THE CONFLUENCE OF CATCH BASINS 

Under the direction of Mr. Matt Baltusis with MDEQ, a radiological survey was performed in and 
around the location of the catch basin confluence where radiation levels above background were 
identified during an earlier site visit by MDEQ (Figure 1-2 and 7-1). The planned radiological scoping 
survey approach is described in Section 3.3 of the “Sampling and Analysis Plan” (GEO 2007b) for the 
Phase III Environmental Site Investigation. 

The primary radiological instrument used in the radiological survey was a highly sensitive 2” x 2” 
sodium iodide (NaI) gamma radiation detector, coupled with a count-rate meter. This instrument is used 
extensively in environmental investigations to search for the presence of radioactive materials or sources 
of radiation on structures and in surface soils. The instrument is sensitive enough that it often can be used 
to demonstrate that soils are acceptable for unrestricted release, depending on the radionuclides present 
and the local site conditions. The typical background count rate is about 8000 to 12,000 counts-per-
minute. 

The catch basin and immediate area were scanned and compared to two additional locations 
following the same procedure. All locations presented comparable background levels as well as showing 
an increase in count rates when the instrument was positioned below ground surface. The results implied 
that the increase in the count rate was a direct result of the environment geometry and not the presence of 
radioactive materials. A complete summary of this investigation is presented in Section 7 of this report. 

3.7 DECONTAMINATION OF SAMPLING TOOLS 

Due to the use of dedicated sampling equipment, decontamination was not required for this task. 

3.8 MANAGEMENT OF INVESTIGATION-DERIVED WASTE 

IDW generated during this sampling event consisted of purge water and personal protective 
equipment (PPE). During sampling all IDW was stored in plastic bags (PPE) or carboys (purge water). 
Upon completion of each sampling event, purge water was poured onto sections of the concrete runways 
with no noticeable cracking and allowed to evaporate. PPE was disposed of as “non-hazardous” material 
after a review of analytical data. 

3.9 FIELD QUALITY CONTROL PROCEDURES AND DOCUMENTATION 

3.9.1 Field Instrument Calibration and Maintenance 

The GEO Project Manager was responsible for ensuring that instrumentation for DO, pH, and ORP 
are of the proper range, type and accuracy for the test being performed. Water quality instruments were 
calibrated prior to use before both sampling events. Radiological instruments were calibrated prior to use 
and received a daily quality control check while in-use.  Copies of calibration sheets can be found in 
Appendix C. 
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3.9.2 Field Quality Control (QC) Samples 

An equipment blank (EB) was collected by pouring deionized water over one of the bladder pumps 
prior to installation. Preservation and analysis (VOCs) of field EBs was identical to that of the associated 
environmental samples. 

Trip blanks (TBs) serve to detect possible cross-contamination of samples resulting from handling, 
storage and shipment procedures. Due to an oversight by the analytical laboratory, no TBs were provided 
or included with the June 2007 sampling event. TBs were included with the August 2007 event. 

A temperature blank was sent with each cooler of samples to verify that the cooler temperature had 
been maintained at 4°C. 

Field duplicate samples were collected at a rate of one duplicate for up to every 10 environmental 
samples of the same matrix (see Table 3-2). The duplicate samples were collected from the same location 
and at the same time as the original environmental sample; however, the duplicate samples were "coded" 
with a unique sample identifier in such a manner that the laboratory is not able to determine the original 
field sample (i.e., "blind" duplicates). An explanation of the duplicate "coding" is provided in Section 
3.7.3 of GEO 2007b, and duplicate samples were noted in the field logbook.  

Matrix spike (MS)/matrix spike duplicates (MSD). Groundwater MS/MSD sample pairs were 
collected from one monitoring well during both sampling events.   

Split Samples were not required for this task. 

3.9.3 Field Logbooks 

  Documentation in field logbooks is an important record for reconstructing field and sample 
handling activities.  Copies of the field logbook pages are included in Appendix C of this report. All field 
logbooks are bound with consecutively numbered pages. 

3.9.4 Field Performance Audits 

GEO ensured quality in the field work by following the USACE three-phase control process (Section 
3.3.4. of USACE EM-200-1-3), where the three phases consist of the preparatory phase, initial phase, and 
follow-up phase as detailed in Section 3.6.4 of GEO (2007b).  

The June 2007 events (i.e., groundwater sampling, geophysical survey, radiological survey) were 
performed in the presence of MDEQ and FS personnel. No deficiencies were brought to the attention of 
GEO at the time of or following completion of the June 2007 field activities. 

3.9.5 Corrective Actions 

No deviations from the specified procedures within approved project plans were necessary and did 
not warrant corrective actions.  

3.9.6 Changes in the Field Program 

During the field investigation, no changes to the survey and/or sampling program were necessary. 
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3.10 SAMPLE CUSTODY, HANDLING, AND HOLDING TIMES  

Table 3-6 summarizes the sample containerization, preservation and holding times for groundwater 
samples collected during the Raco AAF ESI.  More detail regarding sample handling is provided below. 

3.10.1 Documentation of Custody 

Chain-of-custody forms were completed following requirements in Appendix F, Sample 
Documentation and Shipment Instructions of USACE EM 200-1-3 (USACE 2001). Chain-of-custody 
forms are provided with the analytical data summary reports presented in Appendix B of this report. 

3.10.2 Sample Labeling and Numbering 

Sample labeling and numbering procedures were consistent with labeling practices provided in 
Sections 3.7.2 and 3.7.3 of GEO 2007b.  

3.10.3 Holding Times and Turnaround Time 

Each analytical method has a specified holding time for the field samples (see Table 3-5 as defined 
in the specific method procedure). The laboratory successfully analyzed all samples within the maximum 
holding times as provided by the specific method except for the August sampling of MW-20 where the 
pH of the presumably preserved sample was >2.  This well, however, was not contaminated in June and 
showed only a J-coded result for TCE in August.  

Table 3-6. Sample containers, preservation and holding times. 

Sample Medium Analytes/Method Container Preservation 
Holding 

Time 

Groundwater Perchlorate/6860 2 x 125-mL 
polyethylene 

Cooled to 4o C 28 days 

Groundwater 
Surface water 

VOCs/8260B 2 x 40-mL VOA vial, 
Teflon septa cap 

Cooled to 4o C,  HCl, 
pH<2 

14 days 

Surface water SVOCs/8270C 2 x 1L AG Cooled to 4o C 40 days 

Surface water Metals/6010B/7470A 2 x 1L P,G Cooled to 4o C, 
HNO3, pH<2 

180 days 
28 days 

Surface water Pesticides/PCBs/8081A/8082 2 x 1L P,G Cooled to 4o C 40 days 

VOA: Volatile organic analysis vial 
AG = Amber Glass 
P,G – HDPE or Glass 
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4. GROUNDWATER INVESTIGATION 

4.1 SUMMARY OF GROUNDWATER INVESTIGATION 

VOCs (June 2007 data): Wells MW-08 and MW-19, anticipated to yield contaminated 
groundwater, had TCE (MW-19 at 32 µg/L in a single sampling and MW-08 at 18 µg/L and 19 µg/L in 
both samplings).  Traces of TCE were reported from MW-18 (0.82J µg/L) and RG-02 (0.62J µg/L).  Both 
of the latter results are unreliable being J-coded. TCE had been reported previously in MW-18 (see 
Section 2) at trace levels. The result for MW-19, however, is higher than previously reported (see Section 
2) and now exceeds the MDEQ requirement of 5 µg/L   

Chloromethane (J-coded) was reported in two wells: MW-06 (0.13J µg/L) and MW-10 (0.125J 
µg/L).  A trace of acetone (4.3 µg/L) was also reported in MW-10 but this well was sampled in duplicate 
and the other sample contained <2 µg/L.  Note that chloromethane has been reported previously, but for 
different wells (see Section 2).   

1,1,1-trichloroethane (J-coded) was reported in MW-19 (0.2J µg/L).  Traces of this analyte (0.46 
µg/L) were reported in this well previously (see Section 2).   

VOCs (August 2007 data): The expected contaminated wells were sampled in duplicate and both 
had TCE results similar to previous samplings (MW-19 at 33 µg/L and 32 µg/L in two samplings and 
MW-08 at 12 µg/L in both samplings).  Both wells exceeded the MDEQ requirement of 5 µg/L. TCE also 
was reported in MW-18 at 0.6J µg/L and in MW-20 at 0.42J µg/L.  The report for MW-18 was consistent 
with the June 2007 data lending credibility to there being trace levels in this well. MW-20, however, was 
not contaminated during the June round of sampling and RG-02, which reportedly contained a trace of 
TCE in June, had no TCE reported in August.  

Chloromethane (J-coded) was reported in the following wells: MW-05, MW-08, MW-09, MW-10, 
MW-11, MW-15, MW-16, and MW-20; and also in the trip blank accompanying the samples. The highest 
concentration reported was 0.75J µg/L. Considering that the method detection limit (MDL) for 
chloromethane is 2.0 µg/L, contamination in these wells cannot be considered confirmed.   

1,1,1-trichloroethane was once again reported in MW-19 at 0.18J µg/L.  MW-19 also had a detection 
of bromomethane at a reported concentration of 0.77J µg/L.     

The TCE detected in MW-08 and MW-19 both exceed the MDEQ Part 201 RCDWC level of 5 µg/L 
but no other criteria were exceeded. 

Inorganics: All of the samples collected in June were analyzed for perchlorate and all were reported 
with J-coded values between 0.011J µg/L (MW-14) and 0.077J µg/L (MW-07).  These values were low 
enough and similar enough that, consistent with the J-code, apparently do not represent contamination. 

4.2 CONCLUSION 

The results from the June and August 2007 sampling periods are consistent with each other. 
Moreover, these results are consistent with the past data as presented in Section 2 except for the increase 
of TCE concentrations observed in MW-19.  Hence, the location of the contaminant plume, based on 
results from the existing sampling network, have not changed since November of 2004, as reported in 
Earth Tech 2005.   
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5. SURFACE WATER INVESTIGATION 

5.1 SUMMARY OF SURFACE WATER INVESTIGATION 

VOCs were analyzed on the single sample collected. None were reported. 

Metals were analyzed in the single sample collected. Lead (1.8B µg/L) and zinc (14.6B µg/L) were 
the only contaminant metals reported and both, as noted, were also present in the laboratory method 
blank. The only other inorganics reported were all commonly found soil elements such as Ca, Mg, Ba, Fe, 
and K. Concentrations of these elements were all within typical ranges for natural waters.   

SVOCs were analyzed on the single sample collected—none were reported. Pesitcides/PCBs were 
also not detected. 

5.2 CONCLUSION 

These data indicate that the surface water sample location, the depression noted by Hiawatha 
National Forest personnel (see Sections 2 and 3), does not contain contaminated water.   
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6. GEOPHYSICAL INVESTIGATION 

6.1 SUMMARY OF GEOPHYSICAL SCOPING SURVEY 

On June 5, 2007, GeoModel, Inc., conducted an electromagnetic conductivity survey for GEO to 
detect a possible landfill at Raco AAF. The survey area was approximately 190 feet by 150 feet and was 
located in an isolated, wooded area. The location of the former dump area is provided in Figures 1-2 and 
6-1. 

A Geonics EM-31 terrain conductivity meter was used to obtain both ground conductivity data and 
metal detection data simultaneously to a depth of approximately 20 feet. The instrument was carried over 
the survey area along parallel staked survey lines spaced ten feet apart. Conductivity measurements were 
recorded in millimhos per meter (mmhos/m) and the metal detection values were measured in parts per 
thousand (ppt).  These electromagnetic measurements were recorded on a Juniper Systems Pro4000 data 
logger.  The field measurements were then downloaded from the data logger for processing and analysis. 

Electromagnetic conductivity measurements taken during the survey area were processed into color 
contour maps of electromagnetic conductivity readings (Figure 6-2) and metal detection data (Figure 6-3).  

Colors used on the electromagnetic contour maps illustrate relative ground conductivity readings and 
metal detection data. Readings in blue and green indicate areas of low conductivity or general background 
conditions in the survey area or lack of buried metal or debris. Any conductivity or metal detection 
readings that are in red, orange, or yellow would indicate anomalous areas of higher conductivity or 
buried metal or debris that would indicate possible landfill areas. 

6.2 CONCLUSION 

The electromagnetic conductivity values in the survey areas ranged from approximately 1 to 3 
mmhos/m (blue and green colors). The metal detection values ranged from 4 to 6 ppt (blue and green 
colors). Both maps do not indicate any anomalous or elevated electromagnetic or metal detection data that 
would indicate the presence of a landfill in the survey area. The resultant survey data generally indicate 
background conditions. 
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7. RADIOLOGICAL INVESTIGATION 

This section presents the results of a Radiological Scoping Survey performed on June 5, 2007 at the 
site of the former catch basins (Figures 1-2, 7-1, and 7-2). A representative of MDEQ, GEO, and a senior 
health physics technician from Science Applications International Corporation (SAIC) under subcontract 
to GEO investigated the area and determined that the increase in radiation detector response seen 
previously by the MDEQ was due to geometry effects when their radiation detector was placed inside of a 
depression in the ground. No evidence of residual radioactive materials was found in the area and 
MDEQ’s concern has been addressed. 

7.1 SUMMARY OF RADIOLOGICAL SCOPING SURVEY 

Mr. W. Clark Evers of SAIC arrived at the Raco site on Tuesday, June 5, 2007. Mr. Evers met with 
Mr. Todd Calhoun of GEO and Mr. Matt Baltusis of the MDEQ. Mr. Evers performed quality control 
checks on his radiation instrument and the team then moved to the area of the former catch basins to 
begin the radiological scoping survey. A location map of the catch basin area is shown on Figure 7-1; 
photographs are shown on Figure 7-2. 

The MDEQ radiation instrument used during the previous site visit was a Ludlum model 193-6 
scaler with a model 44-132 probe head. This instrument resembles a metal-detector with a large flat head 
that is held close to the ground for scanning and measurements. The readout is in units of micro-REM/hr, 
but there is also an audible clicking response and a red light that flashes with each click of the meter. The 
primary SAIC instrument was a Ludlum model 2221 rate-meter with a model 44-10 detector (2” x 2” 
NaI). Instrument response check information for the SAIC instrument is provided in Appendix C of this 
report. 

At the site of the former catch basins, the MDEQ instrument registered an audible response of about 
10 counts-per-minute (cpm) above the depression. When the detector was placed into the depression, the 
audible response increased to about 50 to 60 cpm. For both measurements, the meter display remained at 
about 6 micro-REM/hr (e.g., no increase in radiation level above background). 

The SAIC instrument registered a response of about 500 cpm above the depression, and about 1000 
cpm when placed inside the depression. Scanning of the bottom of the depression showed no “hot spots”. 

A post-hole digger was then used to dig two new holes; one about 60 feet and the other about seven 
feet away from the catch basin depression (Test Holes #1 and #2; Figure 7-1). Surveys of these locations 
yielded results similar to that of the catch basin. MDEQ indicated that they concurred that the increased 
readings were indeed due to geometry effects and indicated their concern had been resolved. 

7.2 CONCLUSION 

The increase in radiation detector response (i.e., count-rate) observed by MDEQ at the site of the 
former catch basins was due to geometry effects. There is no indication of residual radioactive materials 
at that location. 
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8.  QUALITY ASSURANCE SUMMARY REPORT 

8.1 PURPOSE 

Environmental data must be evaluated with respect to its limitations and intended use. To that end, 
monitoring data are scrutinized with respect to a series of QC and Quality Assurance (QA) measures. This 
report describes the QC and data verification procedures followed to ensure data obtained by GEO for the 
Raco AAF ESI satisfy project requirements. The quality of the data obtained (sensitivity, precision, 
accuracy) is described and any problems or non-conformances are highlighted.  

Various actions were taken to acquire data of the desired quality. The Data Quality Objectives are 
defined in the Technical Project Planning Guidance for HTRW Data Quality Design, EM 200-1-2, 31 
July 1995. Moreover, the quality of the collected data was designed to be such that it can be utilized in the 
preparation of environmental compliance documents. Upon receipt of the data, a verification review was 
conducted to ensure the data satisfied project requirements. These review steps are documented in this 
section.   

8.2 QUALITY ASSURANCE PROGRAM 

The initial step in the program was to prepare QC project documents (GEO 2007a) to ensure 
applicability to the personnel, activities, and documents called for by the SOW. In addition, a Sampling 
and Analysis Plan (GEO 2007b) was prepared which described the methods to be used for sampling and 
analysis. These documents listed the quantity and type of samples to be collected and defined the quantity 
and type of QA/QC samples to be used to evaluate the quality of the data obtained. 

Field QC duplicates were collected. A VOC trip blank accompanied the cooler containing water samples 
for VOC determinations during the August 2007 event. Due to an oversight by the laboratory, no trip blanks 
were provided or included with the June 2007 event. Analytical laboratory QC duplicates, MS/MSDs, 
laboratory control samples (LCSs), and method blanks were required as specified in the DoD QSM V3.   

The QC measures were adopted to ensure that data of known and sufficient quality were collected. The 
project included readiness review, training, equipment calibration, QC implementation, and detailed 
documentation. These measures ensured successful accomplishment of the goals established in the SOW.    

8.3 LABORATORY “DEFINITIVE” LEVEL DATA REPORTING 

TA-St. Louis, 13715 Rider Trail North, Earth City, MO 63045, was the primary analytical laboratory 
for the analysis of VOCs, SVOCs, PCBs, pesticides, and metals. TA-Denver, 1955 Yarrow Street, 
Arvada, CO 80002, was the primary analytical laboratory for the analysis of perchlorate. The data 
package received from each laboratory includes the following. 

• laboratory case narratives 
• sample results  
• laboratory method blank results 
• laboratory control sample (LCS) results 
• laboratory sample MS recoveries 
• laboratory duplicate results 
• surrogate recoveries (VOCs, SVOCs, pesticides, PCBs) 
• sample extraction dates 
• sample analysis dates 
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This information from the laboratories, along with field information, provides the basis for 
subsequent data evaluation relative to sensitivity, precision, accuracy, representativeness, and 
completeness as presented below.    

8.4 DATA VERIFICATION 

The objective when evaluating the project data quality is to determine its usability. The evaluation is 
based on the interpretation of laboratory QC measures, field QC measures, and the project data quality 
objectives. This project implemented the Automatic Data Review (ADR) electronic review process in 
combination with technical oversight to facilitate laboratory data review. ADR output was reviewed by 
the project-designated verification staff and the project laboratory coordinator. The ADR product is 
retained in the project database and available within that structure. The ADR library and compatible 
EDDs are provided in Appendix B. 

8.5 FIELD DATA VERIFICATION AND QUALITY ASSURANCE SAMPLES 

Field-generated documents such as sampling logs, daily health and safety summaries, daily safety 
inspections, equipment calibration and maintenance logs, and sample management logs were peer 
reviewed on-site.  

A single EB was collected during the June sampling event as described in Section 3.  The only 
analyte reported in this sample was a J-coded value for toluene of 0.16J µg/L.   

A single TB was provided by TA-St. Louis for the August sampling event as described in Section 3.  
The only analyte reported in this sample was a J-coded value for methylene chloride of 0.34J µg/L.   

These results indicate no contamination occurred because of handling of equipment or samples in the 
field or during transportation.   

8.6 LABORATORY DATA VERIFICATION 

Analytical data generated for this project have been subjected to a process of data verification and 
review. The following describes this systematic process and the evaluation activities performed. Several 
criteria have been established against which the data were compared and from which a judgment was 
rendered regarding the acceptance and qualification of the data. These and project specific QC criteria are 
programmed into the database and evaluated using the ADR programming. Because it is beyond the scope 
of this report to cite those criteria, the reader is directed to the following documents for specific detail. 

• USEPA – National Functional Guidelines for Inorganic Data Review, EPA 540/R-94/013, 
February 1994. 

• USEPA – National Functional Guidelines for Organic Data Review, EPA 540/R-99/008,   
October 1999. 

Upon receipt of field and analytical data, verification staff performed a systematic examination of the 
reports, utilizing the ADR process to ensure the content, presentation, and administrative validity of the data. 
Discrepancies identified during this process were recorded and documented. As part of data verification, 
standardized laboratory electronic data deliverables were subjected to review. This technical evaluation 
ensured that all contract-specified requirements had been met, and that electronic information conformed to 
reported hardcopy data.  

During the verification phase of the review and evaluation process, data were subjected to a 
systematic technical review by examining all field and analytical QC results and laboratory 
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documentation, following USEPA functional guidelines and the ADR process. These data review 
guidelines define the technical review criteria, methods for evaluation of the criteria, and actions to be 
taken resulting from the review of these criteria. The primary objective of this phase was to assess and 
summarize the quality and reliability of the data for the intended use and to document factors that may 
affect the usability of the data. This process did not include in-depth review of raw data instrument out-
put or recalculation of results from the primary instrument out-put. This data verification and analytical 
review process included, but was not necessarily limited to, the following parameters. 

• data completeness 
• analytical holding times and sample preservation 
• calibration (initial and continuing) 
• method blanks 
• sample results verification 
• surrogate recovery 
• LCS analysis 
• internal standard performance 
• MS recovery 
• duplicate analysis comparison 
• reported detection limits 
• compound, element, and isotope quantification 
• reported detection levels 
• secondary dilutions 

 

As an end result of this phase of the review, the data were qualified based on the technical 
assessment of the verification/validation criteria. Qualifiers were applied to each field and analytical 
result to indicate the usability of the data for its intended purpose. 

8.7 DEFINITION OF DATA QUALIFIERS (FLAGS) 

During the data verification process, all laboratory data were assigned appropriate data qualification 
flags and reason codes. Qualification flags are defined as follows. 

B (inorganics) = Analyte result is between the Contract Required Detection Limit (CRDL) and MDL 

B (organics) = Compound was also detected in the method blank and the data should be interpreted 
with caution 

D = Result was obtained from analysis of a dilution 

J (organics) = Result is less than the EQL and is estimated 

M (organics) = Sample matrix interfered with the quantitation limit 

N (inorganics) = Spiked analyte recovery is outside of stated control limits 

P (organics) = Associated numerical value is an estimated quantity 

U (inorganics) = Analyte is reported down to the CRDL 

U (organics) = Analyte was analyzed for but not detected or the concentration of the analyte 
quantitated below the MDL 
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8.8 DATA ACCEPTABILITY 

Eighteen groundwater locations and one surface water location were sampled.  In addition, various 
QC samples such as TBs and EBs were collected. Acceptable results were obtained for 100% of the 
sample analyses performed.   

Table 8-1 lists the samples collected. Table 8-2 identifies a cross reference for duplicate and QA split 
sample pair numbers. Table 8-3 provides a summary of rejected analyses grouped by media and analyte 
category. The majority of estimated values were based on values observed between the laboratory method 
detection levels and the project reporting levels as specified in (GEO 2007b).  

Table 8-1. Raco AAF sampling summary 

Media 
Environmental 

samples 
Field 

duplicates 
Trip 

blanks 
Groundwater 18 2 1 
Surface water 1 0 1 

 
Table 8-2. Primary, duplicate, and split samples 

Sample location Event Duplicate  MS/MSD 
MW-08 June 2007 1 - 
MW-10 June 2007 1 - 
MW-19 June 2007 - 1/1 
MW-08 August 2007 1 - 
MW-19 August 2007 1 - 
MW-18 August 2007 - 1/1 
Samples were analyzed by SLT-St. Louis for VOCs, SVOCs, PCBs, pesticides, and metals. Samples were analyzed by TA-
Denver for perchlorate. 

 

Table 8-3. Raco AAF summary of rejected analytes (laboratory). 

Media Analysis group Rejected Total 
Percent 

Rejected (%) 
VOCs 0 0 0 

SVOCs 0 0 0 
Groundwater 
and Surface 
Water Pesticides/Herbicides 0 0 0 
 PCBs 0 0 0 
 Metals 0 0 0 
 Chloride 0 0 0 
 Cyanide 0 0 0 
 Sulfate 0 0 0 
Project Total  0 0 0 

Grouped by medium and analysis group.  

Samples were collected on June 5, 2007 (groundwater and surface water) and August 8, 2007 
(groundwater only). Locations for the groundwater sampling had been previously verified with Mr. 
Joseph Bohannon, CELRL; the surface water sampling location (subsidence area) was verified with Ms. 
Jessica Stuntebeck of the Hiawatha National Forest during the June 2007 event.  
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8.9 DATA QUALITY EVALUATION 

This subsection provides the laboratory-prepared case narrative for quality assurance evaluation.  
Despite certain nonconformances, all results were reportable based on the data review guidelines 
referenced in Section 3 of this report except for MW-20 from the August sampling period.  The data from 
MW-20 in August, however, was consistent with both the June data and historical results.  

8.9.1 Samples Collected June 2007, Lot Number F7F070365 

Twenty-two samples were received under chain of custody by TA-St. Louis on June 7, 2007.  The 
laboratory case narrative asserted that the “analytical results included in [their] report [met] all applicable 
quality control procedure requirements except as noted [below].”  In addition, the test results met all 
National Environmental Laboratory Accreditation Program (NELAP) requirements for parameters in 
which accreditations are held by TA-St. Louis. Any exceptions to NELAP requirements were also noted 
in the case narrative.  

Observations/Nonconformance 

The chain of custody and condition upon receipt report has been provided with the raw data.  There 
were no issues with receipt conditions and temperature of samples on receipt. 

8.9.1.1 Organochlorine Pesticides by Gas Chromatograph (GC) (SW846 8081A) 

Batch 7163407: 

The MS/MSD recovery for Heptachlor is outside the established QC limits. The relative percent 
difference (RPD) is within method acceptance criteria indicating a possible matrix interference. Method 
performance is demonstrated by acceptable LCS recovery. 

Affected Samples: 

F7F070365 (21): RASW01010706 

8.9.1.2 PCBs by GC (SW846 8082) 

Batch 7163412: 

The ICV fails for the following compounds: 

4-Chloroaniline 43.62% 

Hexachlorocyclopentadiene 33.17% 

3-Nitroaniline 30.74% 

3,3-Dichlorobenzidine 41.29% 

Half volume was used for MS and MSD due to insufficient volume. 

Affected Samples: 

F7F070365 (21):  RAWS01010706 



 29 

8.9.1.3 Semivolatile Organics by GC/Mass Spectrometer (MS) (SW846 8270C) 

In BNA batch 7163405, half volume was used for MD/MSD due to insufficient volume. 

Affected Samples: 

F7F070365 (21): RASW01010706 

8.9.1.4 Trace ICP Metals (SW846 6010B) 

Batch 7159296: 

The sample was analyzed after dilution for aluminum, iron, potassium and sodium due to high 
concentrations of the target analytes iron and sodium. The reporting limit has been adjusted only for those 
targets reported from the dilution run. 

The MS (MSD) recovery for iron is outside the established QC limits. The analyte concentration in 
the original sample is greater than four times the amount spiked, making percent recovery information 
ineffective. Method performance is demonstrated by acceptable LCS recovery. 

The serial dilution for potassium is outside of method acceptance criteria indicating a potential 
matrix interference. All associated samples are flagged accordingly. 

Affected Samples: 

F7F070365 (21): RASW01010706 

8.9.1.5 Volatile Organics by Gas Chromatograph/Mass Spectrometer (GC/MS) (SW846 8260B) 

Batch 7172535: 

The D% in continuous calibration verification (CCV) was outside the QC limit (greater than 20% D) 
for Freon-114 (133% high), bromomethane (41% low), chloroethane (28% low), diethyl ether (20.9% 
low), methyl acetate (93.7% high), bromochloromethane (27.8% high), ethyl acetate (43.6% low), carbon 
tetrachloride (40% high, 1,1,1-trichloroethane (24.6% high), bromodichloromethane (20.8% high), 2-
chloroethyl vinyl ether (42.1% low), chlorodibromomethane (31.3% high), 1,1,1,2-tetrachloroethane 
(25.0% high), cyclohexanone (23.1% low), 1,2-dibromo-3-chloropropane (20.7% high), 
hexachlorobutadiene (25.8% high), nonanal (140% high). These analytes were either not detected above 
the reporting limit or not the target analytes in the associated samples. 

The LCS analyte, carbon tetrachloride, and laboratory control sample duplicate (LCSD) analytes, 
methyl acetate and trichlorofluoromethane, recovered high, indicating a potential positive bias for those 
analytes. These analytes were not observed above the reporting limit in the associated samples. Ethyl 
acetate in the LCS/LCSD recovered low; it is not a target analyte. Therefore, the sample data were not 
adversely affected by this excursion. 

The MS recovery for methyl acetate is outside the upper QC limit, indicating a potential positive bias 
for that analyte. This analyte was not observed above the reporting limit in the associated samples. Ethyl 
acetate recoveries in the MS/MSD are below the QC limits - it is not a target analyte. 2-chloroethyl vinyl 
ether is not detected in the MS/MSD due to the sample preservation (hydrochloric acid). 

The MS/MSD RPD for four compounds is outside of the QC limits - recoveries are within the QC 
limits. 
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Affected Samples: 

F7F070365 (20):  RAGW02010706 

Batch 7171239: 

The D% in CCV was outside the QC limit (greater than 20% RSD) for Freon-114 (126% high), 
bromomethane (47.0% Low), chloroethane (23.2% low), methylene chloride (22.1% high), 
bromochloromethane (27.5% high), ethyl acetate (50.2% low), carbon tetrachloride (27.2% high), 
chlorodibromomethane (21.3% high), n-propylbenzene (22.3% low), 1,1,2,2-tetrachloroethane (25.6% 
low), trans-1,4-dichloro-2-butene (32.8% low), cyclohexanone (28.3% low), hexachlorobutadiene (22.1% 
high), nonanal (123% high). These analytes were either not detected or not reported in the associated 
samples. 

The LCS/LCSD analyte methyl acetate recovered high, indicating a potential positive bias for that 
analyte. This analyte was not observed above the reporting limit in the associated samples. Ethyl acetate 
recovered low; it is not a target analyte. Therefore the sample data was not adversely affected by this 
excursion. 

Affected Samples: 

F7F070365 (1): RAGW05010706  F7F070365 (6): RAGW09010706 
F7F070365 (2): RAGW06010706  F7F070365 (7): RAGW10010706 
F7F070365 (3): RAGW07010706  F7F070365 (8): RAGW10020706 
F7F070365 (4): RAGW08010706  F7F070365 (9): RAGW11010706 
F7F070365 (5): RAGW08020706  F7F070365 (10): RAGW12010706 
 
Batch 7171241: 

The D% CCV was outside was outside the upper QC limit (greater than 20% D) for Freon-114 
(102% high), bromomethane (45.2% low), chloroethane (26.8% low), acrolein (22.6% low), methyl 
acetate (56.7% high), bromochloromethane (21.7% high), ethyl acetate (51.5% low), carbon tetrachloride 
(27.4% high), 2-butanone (30.5% low), 2-chloroethyl vinyl ether (27.0% low), chlorodibromomethane 
(24.0% high), n-propylbenzene (21.1% low), 1,1,2,2-tetrachloroethane (21.6% low), trans-1,4-dichloro-2-
butene (24.5% low), cyclohexanone (23.4% low), hexachlorobutadiene (23.5% high), nonanal (131% 
high). These analytes were either not detected above the reporting limits or not the target analytes in the 
associated samples. 

The Method Blank surrogate recovery for toluene-d8 is outside acceptable limits (84.0%). Samples, 
associated with this method blank, demonstrated acceptable surrogate recoveries indicating the surrogate 
excursion is isolated to the method blank and not indicative of the batch. 

The LCS/LCSD analyte recoveries for methyl acetate were high indicating a potential positive bias 
for that analyte. This analyte was not observed above the reporting limit in the associated samples. Ethyl 
acetate recovered low; this analyte is not a target analyte. Therefore the sample data were not adversely 
affected by this excursion. 

The MS and MSD recoveries for several compounds are outside the established QC limits. 2-
chloroethyl vinyl ether is not detected in the MS/MSD due to the sample preservation (hydrochloric acid). 
The RPD for two compounds are not within method acceptance criteria indicating a possible matrix 
interference. Method performance is demonstrated by acceptable LCS/LCSD recovery.  
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Affected Samples: 

F7F070365 (11): RAGW14010706  F7F070365 (17): RAGW20010706 
F7F070365 (12): RAGW15010706  F7F070365 (18): RAGW21010706 
F7F070365 (13): RAGW16010706  F7F070365 (19): RAGW22010706 
F7F070365 (14): RAGW17010706  F7F070365 (20): RAGW02010706 
F7F070365 (15): RAGW18010706  F7F070365 (21): RASW01010706 
F7F070365 (16): RAGW19010706  F7F070365 (22): RAEB01020706 
 

According to the nature of the Chemicals of Concern, the sample was presumed to be preserved to a 
pH<2. Due to the potential loss of volatile constituents, VOA vials are not checked for pH preservation 
until the time of analysis. The sample pH was not less than 2, resulting in the analysis being performed 
outside the 7 day holding time for unpreserved samples. 

Affected Samples: 

F7F070365 (17): RAGW20010706 

8.9.2 Samples Collected August 2007, Lot Number F7H080283 

Twenty-one samples were received under chain of custody by TA St. Louis on August 8, 2007.  

The analytical results included in the report met all applicable quality control procedure requirements 
except as noted below.  Furthermore, the test results met all NELAP requirements for parameters in which 
accreditations are held by TA St. Louis. Any exceptions to NELAP requirements are noted below.   

Observations/Nonconformances 

The chain of custody and condition upon receipt report has been provided with the raw data.  There 
were no issues with receipt conditions and temperature of samples on receipt. 

8.9.2.1 Volatile Organics by GC/MS (SW846 8260B) 

Batch 7226195, 7226466, 722646: 

The D% CCV was (higher recovered) outside the Method criteria (greater than 20% D) for several 
compounds indicating a potential high bias for those analytes in the samples associated with the CCV. 
These samples were either not detected above the reporting limit or not reported in the associated 
samples. 

The LCS/LCSD recoveries for acetone, chloromethane, iodomethane, arolein, 1-butanol are too high. 
Iodomethane failed high in the MS/MSD. The analytes were not observed above the reporting limits or 
not reported in the associated samples; therefore the sample data was not adversely affected by this 
excursion. The original sample results are provided. 
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Affected Samples: 

F7H080283 (1): RAGW15010708   F7H080283 (8): RAGW21010708 
F7H080283 (2): RAGW16010708   F7H080283 (10): RAGW02010708 
F7H080283 (3): RAGW17010708   F7H080283 (11): RAGW05010708 
F7H080283 (4): RAGW18010708   F7H080283 (12): RAGW06010708 
F7H080283 (5): RAGW19010708   F7H080283 (13): RAGW07010708 
F7H080283 (6): RAGW19020708   F7H080283 (14): RAGW08010708 
F7H080283 (7): RAGW20010708   F7H080283 (15): RAGW08020708 
 

Batch 7229233, 7232575: 

The D% CCV was (higher recovered) outside the Method criteria (greater than 20% D) for several 
compounds indicating a potential high bias for those analytes in the samples associated with this CCV. 
These analytes were either not detected above the reporting limit or not reported in the associated 
samples. 

Affected Samples: 

F7H080283 (9): RAGW22010708   F7H080283 (19): RAGW12010708 
F7H080283 (16): RAGW09010708   F7H080283 (20): RAGW14010708 
F7H080283 (17): RAGW10010708   F7H080283 (21): RATB01020708 
F7H080283 (18): RAGW11010708 
 

Batch 7229233: 

The MS and MSD recoveries for trichloroethene and cis-1,2-dichloroethene are outside the 
established QC limits. Method performance is demonstrated by acceptable LCS recovery. 

Affected Samples: 

F7H080283 (9): RAGW22010708   F7H080283 (19): RAGW12010708 
F7H080283 (16): RAGW09010708   F7H080283 (20): RAGW14010708 
F7H080283 (17): RAGW10010708   F7H080283 (21): RATB01020708 
F7H080283 (18): RAGW11010708 
 

8.10 PRECISION 

Field duplicate samples were collected to ascertain the contribution to variability (i.e., precision) due to 
the combination of environmental media, sampling consistency, and analytical precision. The field duplicates 
were collected from the same spatial and temporal conditions as the primary environmental samples.  
Groundwater wells MW-08 and MW-10, during the June 2007 event, and MW-08 and MW-19, during the 
August 2007 event, were analyzed as duplicate samples by TA-St. Louis and TA-Denver (perchlorate only). 

Field duplicate comparison information in Table 8-4 presents the absolute difference or RPD for 
field duplicate measurements by analyte. RPD was calculated only when both samples were not qualified. 
In general, the values should be > 5 times the reporting level for a meaningful RPD. If both samples were 
not detected for a given analyte, precision was considered acceptable. To review the information in Table 
8-4, this report has implemented general criteria for comparison of RPD with a criterion of 40. The table 
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compares all analytes where at least one value was not qualified with a U, B, or J.  As the table shows, all 
duplicate RPD comparisons are acceptable.   

 

Table 8-4. Field duplicate comparison/split sample comparison – Raco AAF ESI  
(results provided are µg/L except for nitrate, fluoride, chloride and sulfate which are mg/L) 

 
June Duplicates August Duplicates 

Analyte 

MW-8/ 
MW-8 dup 

RPD* 

 
MW-10/ 

MW-10 dup 
RPD* 

MW-8/ 
MW-8 dup 

RPD* 

MW-19/ 
MW-19 dup 

RPD* 

trichloroethene 
18/19 

5.4  12/12 
0 

33/32 
3.2 

acetone 
 4.3/ND 

N/A  
 

*RPDs < 40 are acceptable for water samples as specified in the Louisville Chemistry Guidelines, v.5, June 2002 
 

8.11 SENSITIVITY 

Determination of minimum detectable values allows the investigation to assess the relative 
confidence that can be placed in a value relative to the magnitude or level of analyte concentration 
observed. The closer a measured value comes to the minimum detectable concentration, the less 
confidence and more variation the measurement will have. Project sensitivity goals were expressed as 
quantitation level goals in the QA documentation. These levels were achieved or exceeded throughout the 
analytical process.  Actual laboratory method detection level achieved during this investigation achieved 
project quantitation level goals. Individual analyte reporting levels varied due to contaminant analyte 
concentrations.  

Method blank determinations were performed with each sample batch for each analyte under 
investigation. These blanks were evaluated during data review to determine their potential impact on 
individual data points, if any. Review action levels are set at 5 times the reporting level for all analytes, 
except those designated as common laboratory contaminants (methylene chloride, acetone, toluene, 
2-butanone, and phthalate compounds) with action levels set at 10 times reporting levels. During data 
review, reported sample concentrations are assessed against method blank action levels and the following 
qualifications are made when reportable quantities of analyte were observed in the associated method 
blank. 

• When the analyte sample concentration is above 5 or 10 times the action level, the data are 
not qualified and it is considered a positive value.  

• When the analyte sample concentration is determined below 5 or 10 times the action level 
but above the reporting level, the data are considered impacted by the method blank and the 
value reported is qualified as a non-detect at the analyte value reported. These data are then 
qualified accordingly. 

• When the analyte sample concentration is determined below 5 or 10 times the action level 
and below the reporting level, the data are considered impacted by the method blank and the 
value reported is qualified as a non-detect at the reporting level. These data are then 
qualified accordingly. 
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8.12 REPRESENTATIVENESS AND COMPARABILITY 

Representativeness expresses the degree to which data accurately reflect the analyte or parameter of 
interest for the environmental site and is the qualitative term most concerned with the proper design of the 
sampling program. Factors that affect the representativeness of analytical data include proper 
preservation, holding times, use of standard sampling and analytical methods, and determination of matrix 
or analyte interferences. Samples were delivered to the laboratory by overnight express courier, were 
received in good condition, and at appropriate temperature. All analyses were performed within the 
recommended analytical holding times.  Sample preservation, analytical methodologies, and sampling 
methodologies were documented to be adequate and consistently applied.  

Comparability, like representativeness, is a qualitative term relative to an individual project data set. 
This sampling program employed appropriate sampling methodologies, site surveillance, use of standard 
sampling devices, uniform training, documentation of sampling, standard analytical protocols/procedures, 
QC checks with standard control limits, and universally accepted data reporting units to ensure 
comparability to other data sets. Through the proper implementation and documentation of these standard 
practices, the project has established the confidence that the data will be comparable to other project and 
programmatic information.  

8.13 COMPLETENESS 

Usable data are defined as those data that pass individual scrutiny during the verification and 
validation process and are accepted for unrestricted application to the human health risk assessment 
evaluation or equivalent type applications. The only completeness issue was with MW-20 during the 
August sampling.   Samples are to be preserved at pH <2 or analyzed within seven days.  This sample was 
found by the laboratory to be pH >2 and, hence, the analysis occurred outside of the holding time for an 
unpreserved sample.  A trace (<1 µg/L) was reported in this sample and J-coded.  Because this well was 
not expected to be contaminated based both on the June 2007 data and on historical data (Section 2), the 
August result of no reportable contaminants is consistent.  Therefore, the objectives for the Raco AAF 
monitoring data are considered achieved. The project produced usable results for the samples collected 
and analyses were performed successfully for all the samples planned. 

8.14 DATA QUALITY ASSESSMENT SUMMARY 

The overall quality of the Raco AAF monitoring information meets or exceeds the established 
project objectives. Through proper implementation of the project data verification and assessment 
process, project information has been determined to be acceptable for use. 

Data, as presented, have been qualified as usable or estimated. Data that have been estimated 
indicate accuracy, precision, or sensitivity are less than desired but adequate for interpretation. Qualifiers 
have been applied to data as appropriate.  

Data produced for this project can withstand scientific scrutiny, are appropriate for its intended 
purpose, are technically defensible, and are of known and acceptable sensitivity, precision, and accuracy. 
Data integrity has been documented through proper implementation of QA and QC measures. The 
environmental information presented has an established confidence that allows utilization for the project 
objectives and provides data for future needs. 
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Figure 1-1  Site location map for Raco Army Airfield and Bomarc Missile Site
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Figure 1-2  Site vicinity map for Raco Army Airfield and Bomarc Missile Site
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Figure 1-3  Fuel Depot Area at Raco Army Airfield and Bomarc Missile Site
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Figure 1-4  Missile Battery Area at Raco Army Airfield and Bomarc Missile Site
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Base map:  USGS Seamless DOQQ.

Figure 1-5  Surface Water Sampling at Raco Army Airfield and Bomarc 
Missile Site
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Source: Former Air Force & Missile Site, Raco, Michigan, Demolition of Structures, Detailed Site Demolition Plan, July 1987. 
Provided by Michigan Department of Environmental Quality.
Figure 1-6  Historical Site Drawing Showing Location of Former Waste Water
Treatment System
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Source: Hiawatha National Forest/GEO

Figure 1-7 Subsidence photographs at Raco Army Airfield and Bomarc
Missile Site
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Base map:  USGS Sullivan Creek Topographic Quadrangle Map obtained from Michigan Department of Natural Resources 
online database.

Figure 2-1  Topographic map for Raco Army Airfield and Bomarc Missile Site
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Figure 3-1 Potentiometric Surface – June 4, 2007
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Base map:  USGS Seamless DOQQ.

Figure 3-2 Potentiometric Surface – August 7, 2007
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Figure 6-1  Former Dump Area at Raco Army Airfield and Bomarc Missile Site
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Figure 6-2  Former Dump Area EM-31 Conductivity Data at Raco Army Airfield 
and Bomarc Missile Site
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Figure 6-3  Former Dump Area EM-31 Metal Detection Data at Raco Army
Airfield and Bomarc Missile Site
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Figure 7-1  Catch Basin Confluence/Detected Radiation Area at Raco Army 
Airfield and Bomarc Missile Site

Catch Basin Confluence/
Detected Radiation Area

Test Hole #2

Test Hole #1

Raco Army Airfield and
Bomarc Missile Site

Raco, MichiganU.S. Army Corps of Engineers
Louisville District

GEO Consultants, LLC
A Geological Engineering and Environmental Services Company

Kevil, Kentucky



Figure 7-2 Catch basin area photographs at Raco Army Airfield and Bomarc 
Missile Site

(a) Photograph 1 (b) Photograph 2

(d) Photograph 4
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ANALYTICAL LABORATORY DATA 

(provided electronically)



APPENDIX C 

FIELD DATA



Monitoring 
Well ID Easting Northing
RG-01* 668851.656 5135058.328
RG-02 668940.831 5134818.194
RG-03* 669004.186 5135107.166
RG-04* 666791.817 5135422.883
MW-05 668860.922 5135327.742
MW-06 668847.653 5135121.653
MW-07 668902.160 5135123.112
MW-08 669007.348 5135111.988
MW-09 668379.221 5134984.595
MW-10 668312.333 5135646.943
MW-11 666774.825 5135642.695
MW-12 667368.620 5135668.035
MW-13* 666737.459 5135558.201
MW-14 669020.417 5135187.024
MW-15 668853.094 5135105.369
MW-16 666745.602 5135478.755
MW-17 668893.817 5135279.938
MW-18 668951.180 5135072.186
MW-19 669019.534 5135137.679
MW-20 669036.061 5135101.965
MW-21 669000.986 5135181.970
MW-22 668955.755 5135073.772

Coordinate System: UTM 16N NAD83
*Not sampled as part of this investigation

Raco Army Airfield and Bomarc Missile Site
Existing monitoring well coordinates

Page 1













































































































APPENDIX D 

HISTORICAL DOCUMENTATION 

(provided electronically) 


